Background Acute respiratory distress syndrome (ARDS) is defined as severe hypoxemic respiratory failure resulting from diffuse lung injury and secondary to direct and indirect insults. Despite advances, mortality remains as high as 40-60%. Neuromuscular blocking agents (NMBAs) are used to facilitate mechanical ventilation in patients with ARDS and have been shown to improve arterial partial pressure of oxygen. However, the association between NMBAs and mortality is unclear. Furthermore, morbidity concerns exist, particularly regarding a putative role in intensive care unit (ICU)-acquired weakness. Objective The purpose of this study was to compare survival in adult patients with early ARDS who were randomized to receive either a 48-hr infusion of the NMBA, cisatracurium, or a placebo. Patients Eligible patients were [ 18 yr with an intubated trachea and ventilated lungs for acute hypoxemic respiratory failure. Their PaO 2 /F I O 2 ratio was \ 150 at a tidal volume of 6-8 mLÁkg -1 ideal body weight and a positive end-expiratory pressure (PEEP) C 5 cm H 2 O for \ 48 hr. Additional inclusion criteria were radiographic evidence of bilateral pulmonary infiltrates and the absence of left atrial hypertension. Exclusion criteria included patients already receiving NMBA at enrolment; those who had increased intracranial pressure, severe chronic respiratory disease, or severe chronic liver disease; those who had received a bone marrow transplant or had chemotherapy-induced neutropenia; those who had a pneumothorax; and those who were expected to require mechanical ventilation for \ 48 hr or were enrolled in another trial within 30 days. Intervention Three hundred twenty-six patients were screened, and 340 of these underwent randomization in blocks of four and received either a 48-hr infusion of cisatracurium (15 mg bolus followed by 37.5 mgÁhr -1 ) or a volume equivalent placebo. One hundred and seventy-eight patients received a cisatracurium infusion, and one patient withdrew leaving 177 patients included in the analysis. One hundred and sixty-two patients received the placebo infusion. Prior to either infusion, patients were sedated to a Ramsay sedation score of 6. Patients' lungs were ventilated by a volume assist-controlled mode according to the ARDS Clinical Network Mechanical Ventilation Protocol (http:// www.ardsnet.org/) with the goal SpO 2 of 88-95% (or PaO 2 55-80 mmHg) and goal plateau pressure B 35 cm H 2 O. Open-label boluses of cisatracurium 20 mg (maximum of two per 24-hr period) were allowed if plateau pressures
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Design and setting

Commentary
Current state of the literature and study relevance First described in the 1960 s, acute respiratory distress syndrome is defined by lung injury causing hypoxemia refractory to oxygen therapy along with bilateral lung infiltrates and non-cardiogenic pulmonary edema. 1 It is also associated with decreased lung compliance, a mortality of C 40%, and substantial morbidity even years on. 2 Extensive research has concluded that a variety of nonventilatory strategies, such as nitric oxide, prone position, and corticosteroids, can improve clinical parameters, but they are not clearly associated with a survival benefit. 3 In fact, it has become increasingly apparent in the literature that optimizing gas exchange (i.e., normalizing partial pressures of oxygen or carbon dioxide) is not clearly associated with improved clinical outcome. As such, the focus has shifted to how best to ''protect'' the lung, which has become synonymous with minimizing ventilatorinduced lung injury and mitigating the progression to multisystem organ failure. 4 Lung protective strategies employ low tidal volumes. However, this approach can result in air hunger and increased respiratory drive. In order to minimize patientventilator dysynchrony, patients require adequate sedation, and surveys reveal that 25-55% of ARDS patients receive adjuvant NMBAs. 5 This is important because NMBAs are not believed to be risk-free. For example, critical illness polyneuropathy, critical illness myopathy, and acute myopathic syndromes have all been associated with prolonged neuromuscular blockade. Furthermore, ICU-acquired weakness is associated with increased ICU stay, increased hospital stay, and also increased mortality. [6] [7] [8] Therefore, guidelines regarding the use of NMBAs in the ICU typically caution that they should be limited to refractory hypoxemia and hypercarbia, and they should be short-term and guided by train-of-four monitoring. 9 Despite suggestions that NMBAs negatively affect both morbidity and mortality in critically ill patients, there has been a paucity of confirmatory data from randomized trials. In contrast, Gainnier et al. showed that a 48-hr infusion of cisatracurium in ARDS was associated with an increase in arterial partial pressure of oxygen (as compared with placebo), and this increase was sustained for 120 hr. However, their study included only four centres and only 56 patients. Also, it was not powered adequately for mortality, though the authors did report a non-significant trend toward decreased ICU stay and decreased 28-day mortality (favouring cisatracurium). 10 In a follow-up study, Forel et al. used a similar study design and found that early use of cisatracurium infusion in ARDS also decreased serum and pulmonary concentrations of pro-inflammatory markers when compared with control. 11 The current work by Papazian et al. has built on these studies. This larger 20-centre trial, dubbed ACURASYS, was designed and executed in hopes of better elucidating the risks vs the benefits of NMBAs in adult patients undergoing lungprotective ventilation for severe ARDS.
Analysis of methodology
The authors should be commended for their considerable efforts to minimize bias. First, the ACURASYS study was prospective randomized placebo-controlled and doubleblinded. Additionally, it was multicentred, and both medical and surgical patients were included, thereby incorporating a variety of causes for ARDS. Important pharmacologic and non-pharmacologic interventions were tracked meticulously, and aside from the use of open-label cisatracurium (discussed below), the interventions did not differ significantly between the study-drug and placebo groups. Patients were block randomized in a stratification scheme designed to control for study centre, age (B 60 yr or [ 60 yr), and duration of ventilation at baseline (B 48 hr or [ 48 hr). Data were analyzed on an intent-to-treat basis, and the investigators achieved complete follow-up. Data collection both before and after randomization focused on key demographic, physiologic, and interventional factors.
Most clinically relevant parameters were captured. However, detractors have criticized the fact that dysynchrony and spontaneous respiratory efforts were not monitored formally, as this might have predisposed to worse outcomes in the placebo group. To reduce dysynchrony (which would also have jeopardized blinding), both groups were sedated to a Ramsay sedation score of 6 (as defined by ''no response to glabellar tap''). In addition, they allowed 20-mg open-label cisatracurium boluses for excessive plateau pressures (which is arguably necessary for patient safety and study equipoise). However, this approach has the potential to confound analysis. Indeed, twice as many patients in the placebo group required cisatracurium boluses in the first 48 hr. Given that the bolus dose was small in comparison with the infusion, the total dose of NMBA remained considerably higher in the cisatracurium group. As such, the study and placebo groups can still be compared meaningfully. Additionally, this aspect of the study likely reflects ''real world'' ICU practice.
Detractors will also highlight, justifiably, that the primary outcome was adjusted (i.e., the crude 90-day mortality did not differ significantly, but there was a significant difference in the adjusted mortality). Despite stating a priori that the primary outcome would be adjusted based on imbalances identified between groups, this approach inherently weakens the validity of the results. Indeed, this is likely a chief source of concern when interpreting the authors' conclusions because the observed ''treatment effect'' on mortality was not observed between the originally allocated groups but rather after correction for differences between groups. It is problematic to evaluate whether a treatment effect is due to chance when the process of randomization is ignored in the final analysis. Also, the protocol allowed for a wide range of positive endexpiratory pressure (PEEP) levels. This might confound data given that higher PEEP might improve oxygenation and reduce ventilator-induced lung injury but also cause circulatory depression and lung injury from excess distension. However, the supplementary appendix suggests that PEEP did not differ between groups at baseline, 24 hr, or 72 hr.
Additionally, the study was underpowered. It was originally intended to detect a 15% difference in mortality, which was based on an assumed control mortality of 50%. In contrast, the placebo mortality was almost 10% lower (40.7%), and as a result, 885 additional patients would have been required. Adequate power reduces type II error (i.e., the likelihood of missing a treatment effect when one does truly exist). Although a treatment effect was seen in this study, its conclusions must be evaluated in light of the fact that it was not powered adequately to detect said effect.
Relevance to clinical practice (strengths/weaknesses/external validity) Despite clinically provocative results, questions remain as to the generalizability of this study. For example, only a single benzylisoquinoline NMBA was used (cisatracurium), whereas steroidal agents (i.e., vecuronium, rocuronium, pancuronium) might lead to higher incidences of myopathy. 12 Moreover, NMBAs were used only early in ARDS and for only 48 hr-a period that may be too brief for ICUparesis. Post hoc analysis established that benefits were seen only in the two-thirds of patients with very severe disease (PaO2/FiO2 [P/F] ratio \ 120). However, clinicians may have no option but to use NMBAs in such sick patients. If so, then ACURASYS may offer clinicians comfort regarding the use of NMBAs (at least in the short term) rather than increasing NMBA usage in those with better P/F ratios. Questions remain regarding other NMBAs for longer-term usage or for patients with less severe disease. It is also unclear why the Kaplan Meier survival curves did not separate until day 18 despite 48 hr of NMBA administration.
ACURASYS raises the issue of NMBA infusions when ICUs typically use intermittent boluses and as directed by peripheral nerve stimulators. The relatively high initial dose as well as a high infusion rate ([ 0.2 mgÁkg -1 and 5 lgÁkg -1 Ámin -1 for a 70-kg patient) are also noteworthy. Also, the dose was not adjusted by patient weight. However, the rationale was to ensure complete blockade and avoid the need for neuromuscular monitoring (which would have impaired blinding). Furthermore, it makes the results more noteworthy given that there was no statistically significant increase in weakness at ICU discharge or at day 28 despite comparatively high doses of NMBA.
Clinical perspective
Prior to ACURASYS, many clinicians might have freely accepted that NMBAs are associated with increased ICU mortality, more weakness, prolonged ventilation, and lengthier ICU stay. As such, it is important that this large prospective study of paralytic agents in ARDS has shown not only a possible benefit (in the most severe cases) but also no obvious downside (in the short term). In brief, this study is clinically significant regardless whether the data are always statistically significant. The authors admit that future studies are warranted before they expect widespread clinical change. As such, it is difficult to offer prescriptive advice regarding NMBA use. However, ACURASYS does justify short-term NMBA usage in severe ARDS.
Also, ACURASYS should stimulate clinical debate. For example, the discussion may change substantially from establishing why NMBAs were considered detrimental to establishing how they might be beneficial. As stated by the authors, this is ''speculative''. This uncertainty is not surprising, as clinicians still debate the relative importance of volutrauma vs barotrauma vs atelectotrauma vs biotrauma. 4 In other words, while we have physiologic uncertainty, we will also have clinical uncertainty. The benefits of NMBAs might result from less asynchrony-related end-inspiratory overdistension or from less end-expiratory alveolar collapse. The benefit of NMBAs may also be associated with decreased inflammation (lung or systemic) that might otherwise amplify multisystem organ failure. However, to make informed clinical decisions, we really need to know which inflammatory mediators are beneficial and which are deleterious. Profound sedation, but without NMBAs, might also produce similar improvements. Intensive care unitassociated weakness may even be a form of ''organ failure'' associated with illness of higher severity and therefore unrelated to the use of NMBAs. Regardless, clinical practice appears to be evolving from an effort to normalize physiology to an effort to preserve organ function and protect our patients from harm. Optimization of ventilation facilitated by the use NMBAs in the critical care setting has an integral role in certain clinical settings. 
